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COMMUNICATING WITH POWER
SWITCHING DEVICES

TECHNICAL FIELD

This disclosure relates to communicating with power
switching devices, and in particular, to using a single con-
nector of a power switching device to both receive and
output signals.

BACKGROUND

Power switching devices may be used to control the
amount of power provided to loads. A power switching
device may include a power transistor, which may be
configured to control the amount of power provided to an
external load, and an internal controller that enables built-in
fault protection. In addition, a power switching device may
include a plurality of connectors (1.e., pins) that are used to
transport signals from the power switch device to one or
more external devices. For instance, a power switching
device may have an mput pin configured to receive an
activation signal, and an output pin configured to output a
power signal to a load.

In some systems, such as battery powered systems, some
power switching devices may always receive power while
other power switching devices may only receive power
under certain conditions. For instance, 1in a vehicle, some
power switching devices may always receive power,
referred to as KL30 supply, while other power switching
devices may only receive power when the engine on,
referred to as KLL15 supply.

In some examples, such as for power switching devices
that always recetve power (1.e., KL30), it may be desirable
to reduce the amount of power consumed, e.g., when the
engine 1s ofl. For instance, high power consumption by
power switching devices may reduce the life-span of the
battery, and may also reduce the amount of power available
from the battery, which may prohibit the vehicle from
starting. As such, some power switching devices may be
configured to operate 1n a plurality of power modes, at least
one of which 1s a low-current consumption mode (LCCM)
also referred to as a low-power operating mode.

In some examples, an external controller may be used to
control the operation of one or more power switching
devices. As one example, a controller may be configured to
output an activation signal to an input connector of a power
switching device to cause the power switching device to
output a power signal to a load via its output connector. As
another, a controller may output an operating mode control
signal to a mode select connector of a power switching
device to cause the power switching device to transition
between operating modes.

In some examples, 1t may be desirable for a controller to
communicate additional information with a power switching
device. For 1nstance, as opposed to only recerving an acti-
vation signal, 1t may be desirable for a power switching

device to exchange additional information with the control-
ler.

SUMMARY

In general, this disclosure 1s directed to power switching
devices that receive operating mode control signals and
output signals that indicate an occurrence ol one or more
events. For example, a power switching device may include
a single connector via which power mode signals are
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2

received and signals that indicate an occurrence of one or
more events are output. Some example events include, but
are not limited to, periodic one or more wake-up events
and/or one or more fault conditions.

In one example, a method 1includes, receiving, by a power
switching device and via a connector of the power switching
device, a signal that causes the power switching device to
transition from a first operating mode to a second operating
mode 1n which the power switching device consumes less
current than the first operating mode. In this example, the
method also 1ncludes, responsive to determiming, while the
power switching device 1s 1n the second operating mode, an
occurrence ol one or more events, outputting, by the power
switching device and via the same connector of the power
switching device, a signal that indicates the occurrence of
the one or more events.

In another example, a system includes a controller, and a
power switching device. In this example, the controller 1s
configured to output a signal to a connector of the power
switching device that causes the power switching device to
transition from a first operating mode to a second operating
mode 1 which the power switching device consumes less
power than 1n the first operating mode. Also 1n this example,
alter outputting the signal to the connector of the power
switching device that causes the power switching device to
transition from the normal operating mode to the low-
current operating mode, the controller 1s configured to
transition from a first operating mode to a second operating
mode 1n which the controller consumes less power than in
the first operating mode. Also 1n this example, while 1n the
second operating mode, 1n response to determining an
occurrence of one or more events, the power switching
device 1s configured to output, via the same connector of the
power switching device, a signal that indicates the occur-
rence of the one or more events. Also 1n this example, the
controller 1s configured to transition from the second oper-
ating mode to the first operating mode in response to
receiving, from the power switching device, the signal that
indicates the occurrence of the one or more events.

In another example, a power switching device includes a
connector configured to receive a signal that causes the
power switching device to transition from a {irst operating
mode to a second operating mode in which the power
switching device consumes less current than the first oper-
ating mode. In this example, the power switching device
also 1ncludes one or more processors configured to output,
via the same connector of the power switching device and in
response to determining an occurrence of one or more events
while the power switching device 1s 1n the second operating
mode, a signal that indicates the occurrence of the one or
more events.

In another example, a power switching device includes
means for receiving a signal that causes the power switching
device to transition from a first operating mode to a second
operating mode 1n which the power switching device con-
sumes less current than the first operating mode, and means
for determining, an occurrence ol one or more events. In this
example, the means for receiving are further configured to
output, while the power switching device 1s 1n the second
operating mode, a signal that indicates an occurrence of one
Or more events.

The details of one or more examples of the disclosure are
set forth 1n the accompanying drawings and the description
below. Other features, objects, and advantages will be appar-

ent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a conceptual diagram 1llustrating an example
system that includes a power switching device that includes
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a single connector via which operating mode signals are
received and signals that indicate an occurrence of one or
more events are output, imn accordance with one or more
exemplary techniques of this disclosure.

FIG. 2 1s a schematic diagram illustrating further details
of power switching device 6 of FIG. 1 that 1s configured to
use a single connector to both receive and output signals, in
accordance with one or more techniques of this disclosure.

FIG. 3 1s a flowchart 1llustrating exemplary operations of
an example power switching device, 1n accordance with one
or more techniques of this disclosure.

FIG. 4 1s a flowchart illustrating exemplary operations of
an example controller of a power switching device, 1n
accordance with one or more techniques of this disclosure.

DETAILED DESCRIPTION

In general, this disclosure 1s directed to power switching
devices that receive operating mode control signals and
output signals that indicate an occurrence of one or more
fault conditions. In some examples, a power switching
device may communicate with an external device using one
or more signal specific connectors. For instance, a power
switching device may receive power mode control signals
via an operating mode mput connector, and output signals
that indicate an occurrence of one or more events via a
different status connector. However, 1n some examples, 1t
may be desirable to reduce the number of connectors
included on a power switching device.

In accordance with one or more techniques of this dis-
closure, a power switching device may include a single
connector via which operating mode signals are received
and signals that indicate an occurrence of one or more events
are output. For instance, a controller may output, to a
connector of a power switching device, a signal that causes
the power switching device to transition from a {irst oper-
ating mode to a second operating mode 1n which the power
switching device consumes less current than the first oper-
ating mode. In some examples, after outputting the signal to
the power switching device, the controller may transition
from a first operating mode to a second operating mode 1n
which the controller switching device consumes less current
than the first operating mode.

While 1n the second operating mode, the power switching
device may determine whether one or more events have
occurred. In response to determining that one or more events
have occurred, the power switching device may output, to
the controller, a signal that indicates the occurrence of the
one or more events via the connector (1.e., the same con-
nector via which the signal that caused the power switching,
device to transition from the first operating mode to the
second operating mode was received). In some examples, 1n
response to receiving the signal that indicates the occurrence
ol the one or more events, the controller may transition from
the second operating mode to the first operating mode and
may perform one or more operations to respond to the
occurrence of the one of more events. In this way, the
number of connectors included on a power switching device
may be reduced without reducing the number of signals sent
and received.

FIG. 1 1s a conceptual diagram 1llustrating an example
system that includes a power switching device that includes
a single connector via which operating mode signals are
received and signals that indicate an occurrence of one or
more events are output, in accordance with one or more
exemplary techniques of this disclosure. As illustrated 1n
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FIG. 1, system 2 includes controller 4, power switching
device 6, power supply 8, and load 10.

In some examples, system 2 may include controller 4,
which may be configured to communicate with power
switching device 6. As one example, controller 4 may output
an activation signal to power switching device 6 to cause
power switching device 6 to output a power signal to load
10. In some examples, the activation signal may be a logical
signal (e.g., an active high signal where logic high causes
power switching device 6 to output the power signal, or an
active low signal where logic low causes power switching
device 6 to output the power signal). As another example,
controller 4 may receive, from power switching device 6, a
teedback signal that represents the power signal. In some
examples, the feedback signal may represent a current level
of the power signal. Examples of controller 4 may include,
but are not limited to, one or more processors, including, one
or more microprocessors, digital signal processors (DSPs),
application specific integrated circuits (ASICs), field pro-
grammable gate arrays (FPGAs), or any other equivalent
integrated or discrete logic circuitry, as well as any combi-
nations ol such components.

In some examples, controller 4 may be configured to
operate 1n a plurality of operating modes. For instance,
controller 4 may operate 1n a full-power operating mode, a
low-power operating mode (e.g., a sleep mode), and/or one
or more intermediate power operating modes. When oper-
ating in the low-power operating mode, controller 4 may
consume less power than when operating in the full-power
operating mode. In some examples, controller 4 may switch
between operating modes based on signals received from
one or more external devices. As one example, controller 4
may switch from the low-power operating mode to a higher
power mode, such as the full-power operating mode, in
response to recerving a signal from power switching device
6 that indicates the occurrence of the one or more events. As
another example, where system 2 1s integrated into a vehicle,
controller 4 may switch from the full-power operating mode
to a lower power mode, such as the low-power operating
mode, 1n response to receiving a signal indicating that the
vehicle has been shut down (e.g., if the vehicle includes an
engine, that the engine has been turned oil).

As 1llustrated 1n FIG. 1, controller 4 may include con-
nectors 12A-12C (collectively, “connectors 12”°) which may
be connected to power switching device 6 via respective
traces, wires, or any other suitable interconnection. While
illustrated in the example of FIG. 1 as having three connec-
tors (1.e., connector 12A, connector 12B, and connector
12C), in some examples, connectors 12 may include any
number of connectors. For instance, connectors 12 may
include two connectors, four connectors, etc.

In some examples, system 2 may include power supply 8,
which may be configured to output power to one or more
components of system 2. Examples of power supply 8 may
include, but are not limited to, batteries, power converters
(e.g., DC/DC converters, AC/DC converters, AC/AC con-
verters, and/or DC/AC converters). For instance, in auto-
motive applications, power supply 8 may include a car
battery configured to provide approximately 10V-18V and
the needed current to power the one or more components of
system 2.

In some examples, system 2 may include load 10 which
may be configured to receive power from power switching
device 6. In some examples, load 10 may include one or
more light emitting devices (e.g., one or more light bulbs,
one or more light emitting diodes (LEDs), one or more laser
diodes, and the like), one or more batteries, one or more
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computing devices, one or more resistive devices, one or
more capacitive devices, one or more mductive devices, any
other device that uses electrical power, or any combination
of the same. As 1illustrated 1n FIG. 1, load 10 may be
connected to power output connector 18 of power switching
device 6 such that power switching device 6 may be a
high-side driver with respect to load 10.

As 1llustrated 1n FIG. 1, system 2 includes power switch-
ing device 6, which may be configured to control the amount
of current flowing through load 10. In some examples,
power switching device 6 includes connectors 14A-14C
(collectively, “connectors 14”"), power mput connector 16,
power output connector 18, communication module 20,
driver logic 22, and driver 24. Examples of power switching
device 6 include, but are not limited to, integrated circuits,
and discrete components.

In some examples, power switching device 6 may include
connectors 14 which may be configured to receive and/or
output communication signals between power switching
device 6 and one or more external devices, such as controller
4. As 1llustrated 1n FIG. 1, connector 14 may be connected
to controller 4 via respective traces, wires, or any other
suitable interconnection. While illustrated in the example of
FIG. 1 as having three connectors (1.e., connector 14A,
connector 14B, and connector 14C), 1 some examples,
connectors 14 may include any number of connectors. For
instance, connectors 14 may include two connectors, four
connectors, €tc.

In some examples, power switching device 6 may include
power mput connector 16 and power output connector 18,
which may be configured to receive and/or output power
signals. For instance, power input connector 16 may be
configured to receive a power signal from power supply 8
and power output connector 18 may be configured to output
a power signal to load 10.

In some examples, power switching device 6 may include
input connector 16, and output connector 18. In some
examples, one or more of connector 14, power input con-
nector 16, and power output connector 18 may be high
voltage interface connectors. In this way, one or more of
connector 14, power mmput connector 16, and power output
connector 18 may comply with one or more safety require-
ments, such as ISO26262 and/or IEC61508.

In some examples, power switching device 6 may include
driver logic 20, which may be configured to output a signal
to control one or more drivers. For mstance, driver logic 20
may output a control signal to the gate of driver 22. In some
examples, driver logic 20 may output the control signal
based on a signal received from one or more other compo-
nents of system 2, such as a control signal received from
controller 4. In some examples, driver logic 20 may perform
one or more operations to protect the functionality of driver
22. As one example, driver logic 22 may deactivate driver 22
i the temperature of driver 22 exceeds a temperature thresh-
old. As another example, driver logic 20 may deactivate
driver 22 1f the current level of the power signal generated
by driver 22 exceeds a current threshold.

In some examples, driver logic 20 may be configured to
determine an occurrence of one or more events. As one
example, driver logic 20 may determine an occurrence of
one or more periodic wake-up events. For instance, driver
logic 20 may determine that a wake-up event occurs at a
particular time interval (e.g., 1 min, 5 min, 30 min, 1 hour,
1 day, etc.). As another example, driver logic 20 may
determine an occurrence of one or more fault conditions. For
instance, driver logic 20 may determine that a temperature
has crossed one or more thresholds (1.e., an over or under-
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temperature condition), that a level, such as a voltage level
or a current level, has crossed one or more thresholds (i.e.,
an overload or underload condition), that a short-circuit
exists, or any other fault condition which may be experi-
enced by a power switching device. In some examples,
driver logic 20 may determine the occurrence of one or more
fault conditions based on iformation received from driver
22 (e.g., temperature information, current information, volt-
age 1nformation, etc.).

In some examples, power switching device 6 may include
driver 22, which may be configured to provide power to
drive a load based on a control signal. For instance, driver
22 may generate a power signal to drive load 10 via power
output connector 18 based on a control signal received from
driver logic 20. In some examples, driver 22 may include
one or more components to provide feedback to driver logic
20. For instance, driver 22 may include a temperature sensor
configured to provide an indication of the temperature of
driver 22 to dniver logic 20, a current sensor configured to
provide an 1indication of the current level of the power signal
to driver logic 20, and/or a voltage sensor configured to
provide an indication of the voltage level of the power signal
to driver logic 20.

In some examples, driver 22 may include one or more
power transistors, one or more metal-oxide-semiconductor
field-eflect transistors (MOSFETs), one or more thyristors,
one or more insulated-gate bipolar transistors (IGBTs),
and/or a combination of the same. Some example MOSFETSs
that may be included in driver 22 include, but are not limited
to, one or more double-diffused metal-oxide-semiconductor

(DMOS) MOSFFETs, one or more P-substrate (PMOS)
MOSFETs, one or more trench (UMOS) MOSFETS, and
one or more super-junction deep-trench MOSFETs (e.g., one
or more CoolMOS™ MOSFETS).

In some examples, power switching device 6 may be
configured to operate 1n a plurality of operating modes. For
instance, power switching device 6 may operate 1 a full-
power operating mode, a low-power operating mode (e.g., a
sleep mode), and/or one or more intermediate power oper-
ating modes. When operating in the low-power operating
mode, power switching device 6 may consume less power
than when operating 1n the full-power operating mode. In
some examples, the low-power operating mode may be
referred to as a low current consumption mode. In some
examples, power switching device 6 may switch between
operating modes based on signals received from one or more
external devices. For example, power switching device 6
may switch from a higher power mode, such as the full-
power operating mode, to a lower power mode, such as the
low-power operating mode, 1n response to receiving a signal
from controller 4. In some examples, power switching
device 6 may switch between operating modes based on an
occurrence of one or more events. For example, power
switching device 6 may switch from a lower power mode,
such as the low-power operating mode, to a higher power
mode, such as the tull-power operating mode, 1n response to
determining that one or more events has occurred/is occur-
ring.

In operation, controller 4 and power switching device 6
may 1nitially be operating in full-power modes. For instance,
where system 2 1s included in a vehicle, controller 4 may
cause power switching device 6 to supply power to a
component of the vehicle, such as an anti-theit system. In
some examples, controller 4 may cause power switching
device 6 to supply power to the component by pulling-up a
level of connector 12A. Controller 4 may transition from the
tull-power operating mode to a lower power mode, such as
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the low-power operating mode. For instance, controller 4
may transition from the full-power operating mode to a
lower power mode, such as the low-power operating mode,
in response to receiving a signal indicating that the vehicle
has been shut down (e.g., 1f the vehicle includes a combus-
tion engine, that the engine has been turned off). In some
examples, before transitioning into the low-power operating
mode, controller 4 may cause power switching device 6 to
transition from the full-power operating mode to a lower
power mode, such as the low-power operating mode. For
instance, controller 4 may output, via connector 12B, a
signal that requests that power switching device 6 to tran-
sition from the full-power operating mode to the low-power
operating mode. As one example, controller 4 may pull-
down a level of connector 12B.

In any case, power switching device 6 may receive, via a
particular connector such as connector 14B, the signal that
requests that power switching device 6 to transition from the
tull-power operating mode to the low-power operating
mode. For instance, drniver logic 20 may determine that a
level of connector 148 has been pulled-down. Responsive to
receiving the signal, power switching device 6 may transi-
tion to the low-power operating mode. Driver logic 20 may
determine whether one or more events has occurred or 1s
occurring. For example, driver logic 20 may determine
whether a temperature of driver 22 has exceeded a maxi-
mum temperature threshold.

In response to determining an occurrence of one or more
events, driver logic 20 may output a signal that indicates the
occurrence of the one or more events. In accordance with
one or more techmiques of this disclosure, as opposed
outputting the signal via a different connector connectors 14
than the connector of connectors 14 used to receive the
signal that requested that power switching device 6 to
transition from the full-power operating mode to the low-
power operating mode, power switching device 6 may use a
single connector of connectors 14 to both receive the signal
that causes power switching device 6 to transition between
operating modes and output the signal that indicates the
occurrence ol the one or more events. For instance, driver
logic 20 may use connector 14B to both receive the signal
that causes power switching device 6 to transition between
operating modes and output the signal that indicates the
occurrence of the one or more events. In some examples,
driver logic 20 may output the signal that indicates the
occurrence of the one or more events by pulling-up a level
of connector 14B for a defined period of time (e.g., 1 ms, 5
ms, 20 ms). In thus way, power switching device 6 may
achieve the benefits of receiving signals that cause power
switching device 6 to transition between operating modes
and outputting signals that indicates the occurrence of the
one or more events with a single connector.

Responsive to receiving the signal that indicates the
occurrence of the one or more events, controller 4 may
transition from the low-power operating mode to the full-
power operating mode. In some examples, controller 4 may
use a single connector, such as connector 12B, to both output
the signal that causes power switching device 6 to transition
into the low-power operating mode and to receive the signal
that indicates the occurrence of the one or more events. In
some examples, controller 4 may use different connectors to
output the signal that causes power switching device 6 to
transition into the low-power operating mode and to receive
the signal that indicates the occurrence of the one or more
events. For instance, controller 4 may use connector 12A to
output the signal that causes power switching device 6 to
transition into the low-power operating mode, and use
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connector 12B to receive the signal that indicates the occur-
rence of the one or more events. In some examples, such as
where controller 4 uses a single connector as described
above, controller 4 may configure the connector as an output
when operating in the full-power mode and configure the
connector as an 1mput when operating in the low-power
mode. For instance, when transitioning into the low-power
operating mode, controller 4 may configure the connector to
receive an interrupt.

FIG. 2 1s a schematic diagram 1llustrating further details
of power switching device 6 of FIG. 1 that 1s configured to
use a single connector to both receive and output signals, in
accordance with one or more techniques of this disclosure.
As 1llustrated 1n FIG. 2, driver logic 20 of power switching
device 6 may include power management module 30, event
detection module 32, switches 34A and 34B (collectively,
“switches 34”), current mirror 36, current 38, current 40,
clectrostatic discharge protection 42, transistor 44, current
46, inverter 48, and 1nverter 50.

In some examples, driver logic 20 may include switches
34, which may be configured to selectively conduct current.
As 1illustrated 1n FIG. 2, switches 34 may be configured to
alternatively be open/closed based on a signal output by
event detection module 32. For instance, as the output of
event detection module 32 1s shown as directly controlling
switch 34A and controlling switch 34B via inverter 48,
switch 34 A will be open when switch 34B 1s closed, and vice
versa.

In some examples, driver logic 20 may include current 38
and current 40. While illustrated as current sources, 1n some
examples, current 38 and current 40 may be other compo-
nents, such as resistors. As illustrated in FIG. 3, current 38
may be twice as large as current 40, current 40 may always
be pulling-down a current level of connector 14B, and
current 38 may pull-up the current level of connector 148
when switch 34A 1s closed. As such, when switch 34A is
closed, the current level of connector 14B may be pulled-up.
Similarly, when switch 34A 1s open, the current level of
connector 14B may be pulled-down.

In some examples, driver logic 20 may include transistor
44, which may be configured to generate a current 1n
response to a level of connector 14B being pulled-up. As
illustrated 1n FIG. 3, the current generated by transistor 44
may be mirrored by current mirror 36 when switch 34B 1s
closed. As such, when the level of connector 14B 1s pulled-
up and switch 34B 1s closed, transistor 44 and current mirror
46 may generate current 46. Inverter 50 may invert the
output of current mirror 46 such that, when the level of
connector 14B 1s pulled-up and switch 34B 1s closed, power
management module 30 receives a signal indicating that the
level of connector 14B 1s pulled-up.

In some examples, driver logic 20 may include power
management module 30, which may mange the power state
of power switching device 6. For instance, power manage-
ment module 30 may cause power switching device 6 to
operate 1n, and transition between, a plurality of operating
modes. In some examples, power management module 30
may cause power switching device 6 to transition between
operating modes 1n response to receiving a signal. For
instance, when power switching device 6 1s operating in the
tull-power mode, power management module 30 may cause
power switching device 6 to transition into the low-power
operating mode 1n response to recerving the signal indicating
that the level of connector 14B 1s pulled-up (e.g., from
inverter 50).

In some examples, driver logic 20 may include event
detection module 32, which may detect occurrences of one
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or more events. As one example, event detection module 32
may determine occurrences of one or more periodic wake-up
events. For istance, event detection module 32 may deter-
mine that a wake-up event occurs at a particular time interval
(e.g., 1 min, 5 min, 30 min, 1 hour, 1 day, etc.). As another
example, event detection module 32 may determine occur-
rences of one or more fault conditions. For instance, event
detection module 32 may determine occurrences of one or
more of an over-temperature condition, a short circuit con-
dition, and an overload condition. In some examples, event
detection module 32 may output a signal in response to
determining that one or more events has occurred or 1is
occurring. For instance, event detection module 32 may
output a signal that causes switch 34A to close and switch
34B to open, which as discussed above, may pull-up the
level of connector 14B.

FI1G. 3 1s a flowchart 1llustrating exemplary operations of
an example power switching device, 1n accordance with one
or more techniques of this disclosure. For purposes of
illustration only, the example operations are described below
within the context of power switching device 6 as shown in
FIGS. 1 and 2.

In accordance with one or more techniques of this dis-
closure, power switching device 6 may 1nitially operate 1n a
tull-power mode (302). While operating in the full-power
mode, a driver, such as driver 22 of power switching device
6, may provide power to an external device, such as load 10.
Power management module 30 may determine whether
connector 14B has received a signal that indicates a request
that power switching device 6 transition into the low-power
operating mode (304). For instance, while operating 1n the
tull-power mode, switch 34A of driver logic 20 may be open
and switch 34B of driver logic 20 may be closed such that
the level of connector 14B 1s pulled down and power
management module 30 may determine that connector 148
has recerved the signal that indicates the request that power
switching device 6 transition into the low-power operating
mode when the level of connector 14B 1s pulled up. In some
examples, connector 14B may be configured to receive the
signal that indicates the request that power switching device
6 transition into the low-power operating mode from a
controller, such as controller 4 of FIG. 1.

If connector 14B has not received the signal that indicates
the request that power switching device 6 transition into the
low-power operating mode (*“No” branch of 304), power
management module 30 may cause power switching device
6 to continue to operate in the full-power mode (302). It
connector 14B has received the signal that indicates the
request that power switching device 6 transition into the
low-power operating mode (“Yes” branch of 304), event
detection module 32 may determine whether one or more
events have occurred (306). If one or more events have
occurred (“Yes” branch of 306), events detection module 32
may output, via connector 14B, a signal that indicates the
occurrence of the one or more events (310). For instance,
event detection module 32 may output a signal that causes
switch 34 A to close, which may cause the level of connector
14B to be pulled-up. If one or more events have not occurred
(“No” branch of 306), power management module 30 may
cause power switching device 6 to operate 1n the low-power
mode (308). As discussed above, power switching device 6
may consume less power when operating in the low-power
mode than when operating in the full-power mode. In any
case, while operating 1n the low-power mode, fault detection
module 32 may continuously or periodically determine
whether one or more events have occurred (306), and If one
or more faults have occurred (“Yes” branch of 306), event
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detection module 32 may output, via connector 14B, a signal
that indicates the occurrence of the one or more events
(310). In some examples, connector 14B may be configured
to output the signal that indicates the occurrence of the one
or more events to a controller, such as controller 4 of FIG.
1.

FIG. 4 1s a flowchart 1llustrating exemplary operations of
an example controller of a power switching device, 1n
accordance with one or more techniques of this disclosure.
For purposes of illustration only, the example operations are
described below within the context of controller 4 as shown
in FIG. 1.

In accordance with one or more techniques of this dis-
closure, controller 4 may initially configure a particular
connector, such as connector 12B, as an output (402). For
instance, where connector 12B 1s a general purpose mput/
output (GPIO), controller 4 may programmatically configure
connector 12B as an output.

Controller 4 may operate 1n a full-power mode (404). For
instance, where controller 4 1s included 1n a vehicle, con-
troller 4 may be operate 1n the full-power mode when the
vehicle 1s on (e.g., when the engine 1s running) Controller 4
may determine to cause a power switching device, such as
power switching device 6, to transition mto a low-power
operating mode. For instance, where controller 4 1s included
in a vehicle, controller 4 may cause the power switching
device to transition from the full-power operating mode to
the low-power operating mode 1n response to receiving a
signal indicating that the vehicle has been shut down (e.g.,
if the vehicle includes an engine, that the engine has been
turned ofl).

Controller 4 may output, to the power switching device
and via the particular connector configured as an output, a
signal that causes the power switching device to transition
from the full-power operating mode to the low-power oper-
ating mode (406). For instance, controller 4 may output the
signal that causes the power switching device to transition
from the full-power operating mode to the low-power oper-
ating mode by pulling-up a level of connector 12B.

In some examples, 1n addition to causing the power
switching device to transition into the low-power operating,
mode, controller 4 may also transition into a low-power
operating mode (e.g., a sleep mode). However, it may be
desirable for controller 4 to “wake” from the low-power
mode under certain circumstances, such as where one or
more events are detected by the power switching device. As
such, 1n some examples, when transitioming nto the low-
power operating mode, controller 4 may configure a con-
nector, such as connector 12B, as an mput (408). In some
examples, controller 4 may configure the same connector
used to output to the signal to the power switching device as
an input. For instance, where connector 12B 1s a GPIO,
controller 4 may programmatically reconfigure connector
12B from an output to an mput which may operate as an
interrupt to cause controller 4 to transition from the low-
power operating mode to the full-power operating mode. In
some examples, controller 4 may use diflerent connectors to
output the signal that causes the power switching device to
transition into the low-power operating mode and to receive
the signal that indicates whether one or more events have
occurred. For instance, controller 4 may use connector 12B
to output the signal that causes the power switching device
to transition into the low-power operating mode and con-
nector 12C to receive the signal that indicates whether one
or more events have occurred.

While operating 1n the low power-mode (410), controller
4 may determine whether a signal has been receirved that




Us 10,027,110 B2

11

indicates an occurrence of one or more events (412). In some
examples, controller 4 may determine that a signal that
indicates an occurrence of one or more events has been
received 1n response to determining that a level of the
connector configured as an input 1s pulled-up. For instance,
controller 4 may determine that a signal that indicates an
occurrence of one or more events has been received 1n
response to determining that a level of connector 12B 1s
pulled-up for a defined period of time (e.g., 1 ms, 5 ms, 20
ms).

If a signal has not been received that indicates an occur-
rence of one or more events (“No” branch of 412), controller
4 may continue to operate 1n the low-power mode (410). If
a signal has been received that indicates an occurrence of
one or more events (““Yes” branch of 412), controller 4 may
reconiigure the connector as an output (402) and transition
to operation 1n the full-power mode (404).

The following numbered examples may illustrate one or
more aspects of the disclosure:

Example 1

A method comprising: receiving, by a power switching
device and via a connector of the power switching device, a
signal that causes the power switching device to transition
from a first operating mode to a second operating mode 1n
which the power switching device consumes less current
than the first operating mode; and responsive to determining,
while the power switching device 1s 1n the second operating
mode, an occurrence of one or more events, outputting, by
the power switching device and via the same connector of
the power switching device, a signal that indicates the
occurrence of the one or more conditions.

Example 2

The method of example 1, wherein outputting the signal
that indicates the occurrence of the one or more events
comprises pulling-up a level of the connector of the power
switching device for a defined period of time.

Example 3

The method of any combination of examples 1-2, wherein
the signal that causes the power switching device to transi-
tion from the first operating mode to the second operating
mode 1s received from a controller of the power switching
device.

Example 4

The method of any combination of examples 1-3, wherein
the signal that indicates the occurrence of one or more events
causes the controller of the power switching device to
transition from a second operating mode to a first operating,
mode 1n which the controller consumes more current than
the second operating mode.

Example 5

The method of any combination of examples 1-4, wherein
the one or more events include one or more of: one or more
periodic wake-up events; and one or more fault conditions.
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Example 6

The method of any combination of examples 1-35, wherein
the one or more fault conditions include one or more of: an
over-temperature condition, a short circuit condition, and an
overload condition.

Example 7

A system comprising: a controller; and a power switching
device, wherein: the controller 1s configured to output a
signal to a connector of the power switching device that
causes the power switching device to transition from a first
operating mode to a second operating mode in which the
power switching device consumes less power than in the
first operating mode, after outputting the signal to the
connector of the power switching device that causes the
power switching device to transition from the first operating
mode to the second operating mode, the controller 1s con-
figured to transition from a first operating mode to a second
operating mode 1n which the controller consumes less power
than 1n the first operating mode, while 1n the second oper-
ating mode, 1n response to determining an occurrence of one
or more events, the power switching device 1s configured to
output, via the same connector of the power switching
device, a signal that indicates the occurrence of the one or
more events, and the controller 1s configured to transition
from the second operating mode to the first operating mode
in response to recerving, from the power switching device,

the signal that indicates the occurrence of the one or more
events.

Example 8

The system of example 7, wherein: the controller 1s
configured to output the signal to the connector of the power
switching device that causes the power switching device to
transition from the {first operating mode to the second
operating mode via a particular connector of the controller,
the controller 1s configured to receive the signal that indi-
cates the occurrence of the one or more events via the
particular connector of the controller, and the controller 1s
configured to transition from the first operating mode to the
second operating mode by at least configuring the particular
connector as an input.

Example 9

The system of any combination of examples 7-8, wherein:
the controller 1s configured to output the signal to the
connector of the power switching device that causes the
power switching device to transition from the first operating
mode to the second operating mode via a first connector of
the controller, and the controller 1s configured to receive the
signal that indicates the occurrence of the one or more events
via a second connector of the controller.

Example 10

The system of any combination of examples 7-9, wherein
the system 1s included 1n a vehicle, and wherein the con-
troller 1s configured to output the signal to a connector of the
power switching device that causes the power switching
device to transition from the first operating mode to the
second operating mode 1n response to determining that an
engine of the vehicle 1s shutdown.
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Example 11

A power switching device comprising: a connector con-
figured to receive a signal that causes the power switching
device to transition from a first operating mode to a second
operating mode 1n which the power switching device con-
sumes less current than the first operating mode; and one or
more processors configured to output, via the same connec-
tor of the power switching device and in response to
determining an occurrence of one or more events while the
power switching device 1s 1n the second operating mode, a
signal that indicates the occurrence of the one or more
events.

Example 12

The power switching device of example 11, wherein the
one or more processors are configured to output the signal
that indicates the occurrence of the one or more events by at
least pulling-up a level of the connector of the power
switching device for a defined period of time.

Example 13

The power switching device of any combination of
examples 11-12, wherein the signal that causes the power
switching device to transition from the first operating mode
to the second operating mode 1s received from a controller
of the power switching device.

Example 14

The power switching device of any combination of
examples 11-13, wherein the signal that indicates the occur-
rence of one or more events causes the controller of the
power switching device to transition from a second operat-

ing mode to a first operating mode 1 which the controller
consumes more current than the second operating mode.

Example 15

The power switching device of any combination of
examples 11-14, wherein the one or more events include one
or more ol: one or more periodic wake-up events; and one
or more fault conditions.

Example 16

A power switching device comprising: means for receiv-
ing a signal that causes the power switching device to
transition from a first operating mode to a second operating
mode 1 which the power switching device consumes less
current than the first operating mode; and means for deter-
minming, an occurrence ol one or more events, wherein the
means for receiving are further configured to output, while
the power switching device 1s 1n the second operating mode,

a signal that indicates the occurrence of the one or more
events.

Example 17

The power switching device of example 16, wherein the
means for recerving are configured to output the signal that
indicates the occurrence of the one or more events by at least
pulling-up a level of the connector of the power switching,
device for a defined period of time.
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Example 18

The power switching device of any combination of
examples 16-17, wherein the signal that causes the power
switching device to transition from the first operating mode
to the second operating mode 1s recerved from a controller
of the power switching device.

Example 19

The power switching device of any combination of
examples 16-18, wherein the signal that indicates the occur-
rence of one or more events causes the controller of the
power switching device to transition from a second operat-
ing mode to a first operating mode 1 which the controller
consumes more current than the second operating mode.

Example 20

The power switching device of any combination of
examples 16-19, wherein the one or more events include one
or more of: one or more periodic wake-up events; and one
or more fault conditions.

The techniques described in this disclosure may be 1mple-
mented, at least 1n part, in hardware, software, firmware, or
any combination thereof. For example, various aspects of
the described techniques may be implemented within one or
more processors, including one or more microprocessors,
digital signal processors (DSPs), application specific inte-
grated circuits (ASICs), field programmable gate arrays
(FPGASs), or any other equivalent integrated or discrete logic
circuitry, as well as any combinations of such components.
The term “processor” or “processing circuitry” may gener-
ally refer to any of the foregoing logic circuitry, alone or 1n
combination with other logic circuitry, or any other equiva-
lent circuitry. A control unit including hardware may also
perform one or more of the techniques of this disclosure.

Such hardware, software, and firmware may be imple-
mented within the same device or within separate devices to
support the various techniques described in this disclosure.
In addition, any of the described units, modules, or compo-
nents may be implemented together or separately as discrete

L ] [

but 1nteroperable logic devices. Depiction of different fea-
tures as modules or units 1s mtended to highlight different
functional aspects and does not necessarily imply that such
modules or units must be realized by separate hardware,
firmware, or soltware components. Rather, functionality
associated with one or more modules or units may be
performed by separate hardware, firmware, or software
components, or imtegrated within common or separate hard-
ware, firmware, or soltware components.

The techniques described 1n this disclosure may also be
embodied or encoded 1n an article of manufacture including
a computer-readable storage medium encoded with instruc-
tions. Instructions embedded or encoded in an article of
manufacture including a computer-readable storage medium
encoded, may cause one or more programmable processors,
or other processors, to implement one or more of the
techniques described herein, such as when 1nstructions
included or encoded in the computer-readable storage
medium are executed by the one or more processors. Com-
puter readable storage media may include random access
memory (RAM), read only memory (ROM), programmable
read only memory (PROM), erasable programmable read
only memory (EPROM), electronically erasable program-
mable read only memory (EEPROM), flash memory, a hard

disk, a compact disc ROM (CD-ROM), a floppy disk, a
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cassette, magnetic media, optical media, or other computer
readable media. In some examples, an article of manufacture
may include one or more computer-readable storage media.

In some examples, a computer-readable storage medium
may include a non-transitory medium. The term “non-
transitory” may indicate that the storage medium 1s not
embodied 1n a carrier wave or a propagated signal. In certain
examples, a non-transitory storage medium may store data
that can, over time, change (e.g., in RAM or cache).

Various aspects have been described in this disclosure.
These and other aspects are within the scope of the following
claims.

The 1nvention claimed 1s:

1. A method comprising;

receiving, by a power switching device and via a connec-

tor of the power switching device, a signal that causes
the power switching device to transition from a first
operating mode to a second operating mode in which
the power switching device consumes less current than
the first operating mode;

determining, while the power switching device 1s 1n the

second operating mode, an occurrence of one or more
events; and

responsive to determining the occurrence of the one or

more events, outputting, by the power switching device
and via the same connector of the power switching
device, a signal that indicates the occurrence of the one
Or more events.

2. The method of claim 1, wherein outputting the signal
that indicates the occurrence of the one or more events
comprises pulling-up a level of the connector of the power
switching device for a defined period of time.

3. The method of claim 1, wherein the signal that causes
the power switching device to transition from the first
operating mode to the second operating mode 1s received
from a controller of the power switching device.

4. The method of claim 3, wherein the signal that indicates
the occurrence of one or more events causes the controller
of the power switching device to transition from a second
operating mode to a first operating mode in which the
controller consumes more current than the second operating
mode.

5. The method of claim 1, wherein the one or more events
include one or more of:

one or more periodic wake-up events; and

one or more fault conditions.

6. The method of claim 5, wherein the one or more fault
conditions include one or more of: an over-temperature
condition, a short circuit condition, and an overload condi-
tion.

7. A system comprising:

a controller; and

a power switching device, wherein:

the controller 1s configured to output a signal to a con-

nector of the power switching device that causes the
power switching device to transition from a first oper-
ating mode to a second operating mode in which the
power switching device consumes less power than in
the first operating mode,

after outputting the signal to the connector of the power

switching device that causes the power switching
device to transition from the first operating mode to the
second operating mode, the controller 1s configured to
transition from a first operating mode to a second
operating mode 1 which the controller consumes less
power than 1n the first operating mode,
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the power switching device i1s configured to determine,
while 1n the second operating mode, an occurrence of
one or more events,

in response to determining the occurrence of the one or
more events, the power switching device 1s configured
to output, via the same connector of the power switch-
ing device, a signal that indicates the occurrence of the
one or more events, and

the controller 1s configured to transition from the second
operating mode to the first operating mode 1n response
to recerving, from the power switching device, the
signal that indicates the occurrence of the one or more
events.

8. The system of claim 7, wherein:

the controller 1s configured to output the signal to the
connector of the power switching device that causes the
power switching device to transition from the first
operating mode to the second operating mode via a
particular connector of the controller,

the controller 1s configured to receive the signal that
indicates the occurrence of the one or more events via
the particular connector of the controller, and

the controller 1s configured to transition from the first
operating mode to the second operating mode by at
least configuring the particular connector as an 1nput.

9. The system of claim 7, wherein:

the controller 1s configured to output the signal to the
connector of the power switching device that causes the
power switching device to transition from the first
operating mode to the second operating mode via a {irst
connector of the controller, and

the controller 1s configured to receive the signal that
indicates the occurrence of the one or more events via
a second connector of the controller.

10. The system of claim 7, wherein the system 1s included
in a vehicle, and wherein the controller 1s configured to
output the signal to a connector of the power switching
device that causes the power switching device to transition
from the first operating mode to the second operating mode
in response to determinming that an engine of the vehicle 1s
shutdown.

11. A power switching device comprising:

a connector configured to receive a signal that causes the
power switching device to transition from a first oper-
ating mode to a second operating mode 1n which the
power switching device consumes less current than the
first operating mode; and

one or more processors configured to:

determine, while the power switching device is 1n the
second operating mode, an occurrence ol one or
more events; and

output, via the same connector of the power switching
device and 1n response to determining the occurrence
of the one or more events, a signal that indicates the
occurrence of the one or more events.

12. The power switching device of claim 11, wherein the
one or more processors are configured to output the signal
that indicates the occurrence of the one or more events by at
least pulling-up a level of the connector of the power
switching device for a defined period of time.

13. The power switching device of claim 11, wherein the
signal that causes the power switching device to transition
from the first operating mode to the second operating mode
1s recerved from a controller of the power switching device.

14. The power switching device of claim 13, wherein the
signal that indicates the occurrence of one or more events
causes the controller of the power switching device to
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transition from a second operating mode to a first operating,
mode 1n which the controller consumes more current than
the second operating mode.
15. The power switching device of claim 11, wherein the
one or more events include one or more of:
one or more periodic wake-up events; and
one or more fault conditions.
16. A power switching device comprising;
means for recerving a signal that causes the power switch-
ing device to transition from a first operating mode to
a second operating mode in which the power switching
device consumes less current than the first operating
mode; and
means for determining, an occurrence ol one or more
cvents,
wherein the means for receiving are further configured to
output, while the power switching device 1s in the
second operating mode, a signal that indicates the
occurrence of the one or more events.
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17. The power switching device of claim 16, wherein the
means for recerving are configured to output the signal that
indicates the occurrence of the one or more events by at least
pulling-up a level of the connector of the power switching
device for a defined period of time.

18. The power switching device of claim 16, wherein the
signal that causes the power switching device to transition
from the first operating mode to the second operating mode
1s recerved from a controller of the power switching device.

19. The power switching device of claim 18, wherein the
signal that indicates the occurrence of one or more events
causes the controller of the power switching device to
transition from a second operating mode to a first operating
mode 1n which the controller consumes more current than
the second operating mode.

20. The power switching device of claim 16, wherein the
one or more events include one or more of:

one or more periodic wake-up events; and

one or more fault conditions.
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